such as termites and beetles (Adang, Ezealor, Abdu, & Yoriyo, 2008; Satheesan, Rao, & Datye, 1990) . The proventriculus is small in the graminivorous, while it is large in the carnivorous (Duke, 1997) . The projection of the proventricular mucosa into numerous folds serves to increase the surface area and, consequently, the amount of mucin secreted by their lining cells to protect against the harmful effects of gastric juice and ingested materials (Salem & Abdel-Rahman, 2000; Vonk, Brink, & Postma, 1949) . The aim of the present work was (a) to study the characters of the proventriculus of two different birds belonging to one family and (b) to compare our findings with the established data of the glandular stomach in other bird species.
| MATERIAL AND ME THODS
Both RPs and Egyptian LDs were trapped alive by a local owner in Qena, Egypt, who is a registered member of the Egyptian Association of Racing Pigeons. Ten adult birds of each species (both sexes) were used in this study.
For gross anatomy and morphometry, five birds of each species were used. The birds were anaesthetized by chloroform, scarified and left to completely bleed. The position and relation of the proventriculus were examined in situ following a mid-ventral incision.
After being removed from the body cavity, the glandular stomach was cut, cleaned by saline and fixed in a 10% neutral buffered formalin. The different measurements of the proventriculus of each bird were measured separately by a digital calliper in millimetres. The mean value ± standard error (SE) was used.
For the SEM examination, two birds per species were used. In brief, birds were sacrificed as mentioned before. The samples were collected from the proventriculus, oesophago-proventricular and proventricular-gizzard junctions. The samples were washed several times in normal saline before being fixed in 4% glutaraldehyde solution for 24 hr and then post-fixed in 2% buffered osmium tetroxide.
The fixed samples were washed in 0.1 M cacodylate buffer (pH 7.3) and then dehydrated in ascending grades of ethanol, critical point dried in liquid carbon dioxide. Finally, they were coated with gold using JEOL-1100 E ion sputtering device and observed with a JEOL SEM (JSM 5,500 LV) at 10 kV.
For the histological investigation, three birds per species were used. The samples were taken just after isolation of the stomach from the body cavity, washed, fixed in 10% neutral buffer formalin and then dehydrated in ascending grades of alcohol according to Suvarna, Layton, and Bancroft (2013) . The samples were cleared in methyl benzoate and embedded in paraffin wax. Sections of 3-5 µm thickness were cut by Microtome (Leica RM2235) and were routinely stained by haematoxylin and eosin (H&E) for general description, periodic acid Shiff's technique (PAS) to detect polysaccharides and Masson's trichrome stain for connective tissue staining.
Sections were examined and photographed using Leica LM. The measurements of the layers of the proventriculus were performed for each bird separately using ImageJ software. The mean values ± standard error was used. Differences between RP and LD in the gross morphometry were examined by one-way ANOVA in Stata 13.1 (Stata Corp 4905 College Station, TX). The presence of significant differences between measurement means was detected by Bonferroni correction. Probability values less than 0.05 were considered statistically significant.
| RE SULTS
3.1 | Gross anatomy and morphometry
| The stomach
The live body weight of RPs was 294.12 ± 16.18 gm, which is about three times higher than that of LDs, which was 94.26 ± 8.02 gm (p < 0.00001). The body cavity from the thoracic inlet to the cloaca was significantly longer in RPs (82.02 ± 2.89 mm) than in LDs (58.87 ± 1.05 mm) (p < 0.0001). The stomach in both species consisted of two distinct parts: a small cranial part (proventriculus) and a large caudal part (gizzard). The two parts were separated from each other by the isthmus gastris. The total length of the stomach was higher in RP than that of LD, measuring 46.66 ± 1.30 and 34.27 ± 0.85 mm (p < 0.0001). The ratio of the total length of the stomach to the body length of bird was almost same in both species: 56.88% in RP and 58.21% in LD. Although the stomach weight in RPs was double that of LDs (7.16 ± 0.20; 2.9 ± 0.21 gm, respectively), the
The left side of the body cavity of the RP (a) and LD (b), oesophagus (OS), proventriculus (pro), gizzard (GZ), lung (L), ovary (OV), left lobe of the liver (LL) and heart (H) percentage of the stomach weight from the total body weight was smaller in RPs compared with LDs (2.43% and 3.07%, respectively).
| The glandular stomach
The proventriculus was an elongated spindle-shaped structure in both species. It was located in the cranial two-thirds of the body cavity and began rostrally from the level of the base of the heart crossing the midline of the body cavity obliquely to the left side (Figures 1 and 2 ).
The proventriculus also began behind the inlet of the body cavity by 18.51 ± 2.40 and 8.70 ± 0.38 mm and extended cranially in front of the level of the left lobe of the liver by 6.08 ± 0.59 and 5.83 ± 0.74 mm in RPs and LDs, respectively. The proventriculus terminated caudally opposite the caudal end of the left lobe of the liver in RP, while in LDs, it terminated caudally cranial to the caudal end of the left lobe of the liver by 6.10 ± 0.49 mm. In both species, the dorsolateral surface of the proventriculus was related cranially to the left lung and caudally to the left ovary in females and the testes in males. The ventrolateral surface of the proventriculus was related to the visceral surface of the left lobe of the liver. In addition, in LDs, the ventral surface was related cranially to the base of the heart and caudally to the dorsal border of the left and right lobes of the liver, on which it made an impression ( Figure 1 ).
The length of the proventriculus of RPs (17.40 ± 0.59 mm) was longer than that of LDs (12.74 ± 0.32 mm) by nearly one and a half fold (p < 0.0001). The percentage of the proventriculus length from the total length of the stomach and body cavity was nearly similar in both birds. This percentage was 21.21% and 21.64% from the total length of the stomach and 37.26% and 37.17% from the total length of the body cavity in RPs and LDs, respectively. For the weight of the proventriculus, it was heavier in RPs (0.45 ± 0.31 gm) than in LDs Gross examination of the mucosal surface of the proventriculus in RPs revealed the presence of numerous small raised papillae, and on top of each were small rounded openings of the ducts of the proventricular glands. These openings were uniformly distributed in a longitudinal manner (Figure 3a ). In LDs, the papillae were generally larger with more distinct rounded openings on top of them. At the middle part of the proventriculus in LDs, these papillae were more condensed ( Figure 3b ).
| The oesophago-proventricular and proventricular-gizzard junctions
In both species, the oesophago-proventricular junction could be distinguished externally based on the size and the colour (Figures 1   and 2 ). The diameter of the junction was larger than that of the oesophagus; it was whitish in colour, while the proventriculus was light brown in colour. The proventricular-gizzard junction (isthmus gastris) lies opposite the level of the last intercostal space (6th) in RPs and the 5th intercostal space in LDs and is related dorsally in both species to the testes in males and the ovaries in females as well as related to the left lobe of the liver on the left side and to the spleen on the right side. The length of this junction was 4.39 ± 0.16 and 3.05 ± 0.26 mm, constituting approximately 9.40% and 12.81% of the total length of the stomach in RPs and LDs, respectively. Internally, 7-8 longitudinal folds were demonstrated at the oesophago-proventricular junction of RP, which had a slightly thick termination towards the proventriculus; these folds represented the caudal continuation of the oesophageal folds ( Figure 3a ). In LDs, there were 6-7 thin longitudinal folds; these folds decreased in thickness gradually towards the proventriculus and terminated at the appearance of the papillae (Figure 3b ). The proventricular-gizzard junction was smooth with no glandular papillae in either species (Figure 2c,d ).
| Scanning electron microscopy (SEM)

| The glandular stomach
Scanning electron microscopy images of the lumen of the proventriculus of RP showed variable sizes and shapes of the openings of the proventricular glands, with an irregular outline that was arranged in a longitudinal manner. These openings were surrounded by concentrically arranged mucosal folds resembling a rosette shape. Some of these folds were closely packed around the openings of the proventricular glands (Figure 4a,b) . The openings of the proventricular glands in LD were rounded in shape with a regular outline and surrounded by loosely packed, thinner mucosal folds (Figure 4c,d ). 
| The oesophago-proventricular and proventricular-gizzard junctions
In both birds, the longitudinal folds of the oesophago-proventricular junction were separated by longitudinal grooves. In RP, numerous rounded openings of the oesophageal glands were observed on these folds and grooves, which increased in number towards the proventriculus (Figure 5a-d) . The distributions of these openings were more scattered on the grooves than on the folds. Meanwhile, in LD, the longitudinal folds were crossed by transverse ridges which were separated by narrow deep transverse grooves (Figure 5c The SEM of the cut surface of the proventricular-gizzard junction of the RP revealed numerous and abundant lobules of the proventricular glands, which were observed underneath the gizzard tubular glands, with its appearance beginning at the cuticle membrane, which increased in thickness towards the gizzard (Figure 6a ).
In LDs, there were few lobules of the proventricular glands at this junction that were covered by a thin layer of cuticle, which increased in thickness towards the gizzard by the appearance of the tubular glands (Figure 7b) . In both birds, the muscular layer at this junction increased in thickness towards the gizzard (Figure 7a,b) . The distinct submucosa consisted of loose connective and blood vessels. The muscular layer consisted of two layers, the thin inner longitudinal and thick outer circular layers, of smooth muscle fibres.
The thickness of the muscular layer was almost similar in both species and constituted approximately 4.47% and 5.01% of the total thickness of the proventricular wall in RP and LD, respectively. The serosa consisted of connective tissue that is rich in blood vessels covered by mesothelium (Figure 7f ).
At the oesophago-proventricular junction, the stratified squamous epithelium of the oesophagus abruptly transformed into a simple columnar epithelium of the proventriculus. The lamina propria was highly cellular, with more mucous glands observed in RPs than in LDs, and lymphatic infiltrations were distributed mostly around the oesophageal glands.
At this junction of the RP, large-sized elongated oval proventricular lobules and numerous mucous oesophageal glands were observed, and these lobules and the mucous oesophageal glands were fewer in number in LDs compared with the those of RPs (Figure 9a-d) . The inner longitudinal layer of tunica muscularis at the oesophago-proventricular junction is uniform in thickness, while the outer circular layer decreased in thickness towards the oesophagus (Figure 9c 
| D ISCUSS I ON
| The glandular stomach
The current study revealed that the proventriculus of RP and LD was an elongated spindle in shape. The same organ shape was reported in pigeon, dove, duck, fowl and quail, according to Ibrahim (1992) , in dove and owl, according to Moł (2010) , and in falcon, according to Abumandour (2013) . Similarly, Hassan and Moussa (2012) that the proventriculus in duck is tubular-shaped, while in the longtailed duck, it has the shape of a cylinder that is narrower on both ends (Działa-Szczepańczyk, 2005) . In domestic pigeon, the proventriculus is cone-shaped (Hassan & Moussa, 2012) . Furthermore, the proventriculus was found to have an elongated pear shape in heron, jackdaw (Ibrahim, 1992) , kestrel and hoopoe (Hassouna, 2001 ). According to Salem and Abdel-Rahman (2000) , this organ is lens-shaped in the cattle egret while it has a large thin-walled sac-like organ in ostrich (Mahdy, 2009 ). The differences between these species in both the shape and size of the glandular stomach suggest some functional adaptations to different diets and food digestion processes.
The proventriculus was located in the cranial two-thirds of the body cavity. The same position was reported in Muscovy duck by Madkour (2015) , and in dove, duck, fowl, jackdaw and quail by Ibrahim (1992) . The latter author added that the proventriculus in heron extended to the lower quadrant of the caudal part of the body cavity. However, the proventriculus of ostrich is located in the middle third of body cavity (Mahdy, 2009) . We added that the proventriculus began behind the inlet of the body cavity by 18.51 and 8.70 mm in RPs and LDs, respectively; moreover, it terminated caudally opposite the caudal end of the left lobe of the liver in RP and cranially to the caudal end of the left lobe of the liver by 6.10 mm in LD. In Muscovy duck, the proventriculus began far behind the inlet of the body cavity (by 47.83 mm) and terminated caudally in front of the caudal end of the left lobe of the liver by 22.08 mm (Madkour, 2015) . The final location of the proventriculus in each species may be related to the size of the gizzard and the location of the oesophagoproventricular junction. In (a & b) , the wall of the proventriculus consisted of mucosa (M), submucosa (SM), muscular layer (MM) and serosa (S), proventricular lobules (PL). In (C&D), lamina epithelialis invaginated into plicae (arrowhead) and sulci (arrow). In (e), lamina epithelial (LE), lamina propria (LP) showing abundant lymphatic infiltration (LI), proventricular lobules (PL). In (f), the muscular layer consisted of inner longitudinal (LL) and outer circular layers (CL) and serosa. a-f: H&E stain
| The oesophago-proventricular and proventricular-gizzard junctions
In both studied species, the oesophago-proventricular junction was characterized internally by the presence of 6-8 longitudinal folds, with some openings of the oesophageal glands observed at these folds and the longitudinal grooves in between by SEM. In Muscovy duck, 8-9 similar folds were found but lacked the openings of the oesophageal glands (Madkour, 2015) . The duck had a strong sphincter between the oesophagus and the proventriculus (Hassan & Moussa, 2012) . In ostrich, O'Malley (2005) neither distinct oesophageal sphincter nor longitudinal folds were found. A little distinction exists between the glandular and the muscular stomach in carnivorous and piscivorous fowls that swallow big foodstuffs (Baumel, 1993; Sisson & Grossman, 1986) . The length of the proventricular-gizzard junction is distinct and constituted approximately 9.40% and 12.81% of the total length of the stomach in RPs and LDs, respectively. Both RPs and LDs feed mainly on small seeds. The same results were reported in pigeon, dove, fowl, duck and quail by Ibrahim (1992) , in chicken by O'Malley (2005) and Gussekloo (2006) confirmed again in pigeon by Hassan and Moussa (2012) . However, Hassan and Moussa (2012) found no gastric isthmus in duck, which was in agreement with Ibrahim (1992) Additionally, this length is 26 mm in pigeon and 60 mm in duck (Hassan & Moussa, 2012) . The proventriculus length is 4, 3, 2.5, 3 and 2 cm in fowl, duck, pigeon, dove and quail, respectively (Ibrahim, 1992) ; in Muscovy duck, the length is 55.25 mm (Madkour, 2015) .
According to Salem and Abdel-Rahman (2000) , for chicken, pigeon, duck and cattle egret, the length of the proventriculus is 21.41, 17, 38 and 19 mm, respectively.
Our investigation stated that the proventriculus mucosa consisted of numerous raised papillae, and at each papilla were small indistinct rounded openings of the ducts of the proventricular glands. These findings are somewhat similar to the statement of Ibrahim (1992) (2015) , in regard to Muscovy duck, Abumandour (2013) , in regard to falcon, and Salem and Abdel-Rahman (2000) , in regard to duck and pigeon, mentioned that the interior structure of the proventriculus has thin longitudinal folds and numerous, oval or rounded openings of the proventricular glands. However, in ostrich, the interior of proventriculus is divided into papillated and smooth parts. The papillated part shows numerous low, wide visible papillae covered with a thin koilin membrane. The smooth part has no papillae, is lined by a greenish koilin membrane and presents many longitudinal parallel folds (Mahdy, 2009) . As shown by SEM, the openings of the proventricular glands are surrounded by concentrically arranged mucosal folds resembling a rosette shape in RP. These results closely agreed with the findings of Salem and Abdel-Rahman (2000) in regard to duck and cattle egret, Madkour (2015) in regard to Muscovy duck and Salem (1997) in regard to chicken. On the other hand, Salem and Abdel-Rahman (2000) reported that in chicken, the mucosal folds, which are concentrically arranged around the gland openings, closely resembled an intestinal disc, such as our results for LD, but they resembled spokes in pigeon, which is in conflict with our results for RP.
The lamina propria of the proventriculus showed many mucous glands with abundant lymphatic infiltration and lymphatic aggregations in RP and thus had lightly lymphatic infiltration in LD. Similar findings for RPs were reported by Hassan and Moussa (2012) regarding duck and pigeon, Mohamed (1989) regarding pigeon and ElZoghby (2000) regarding turkey, while similar findings for LDs were reported by Madkour (2015) regarding Muscovy duck and Klem, Brancato, Catalano, and Kuzmin (1982) regarding house sparrow. In this respect, the lymphoid nodules of different sizes are frequently demonstrated in the connective tissue lamina propria in chicken (El-Shamy, 1996) , in yellow-billed grosbeak (Zhu, Wang, Shi, Hu, & Chen, 2013) and in partridge (Banks, 1992) . Lymphocytes and lymphatic nodules are seen in the lamina propria, indicating some par- In agreement with our investigations, previous researchers have found that the muscular layer consists of inner longitudinal and outer circular layers, including Abumandour (2013) , who examined falcon, and Hamdi et al. (2013) , who examined black-winged kite.
Meanwhile, Hassan and Moussa (2012) , in regard to duck and pigeon, Madkour (2015) , in regard to Muscovy duck, Wali and Kadhim (2014) , in regard to the heavy and light line (ross) and De Oliveira Rocha and Inforzato de Lima (1998) , in regard to the burrowing owl, mentioned that the muscular layer consists of two layers: the thick inner circular and ill-developed outer longitudinal smooth muscle fibres. Moreover, the tunica muscularis in partridge (Banks, 1992) and in passerine (Ogunkoya & Cook, 2009; Samuelson, 2007) consisted of inner longitudinal, middle circular and outer longitudinal layers.
The lamina propria at the oesophago-proventricular junction in Muscovy duck and goose (Madkour, 2015; McLelland, 1975, respec- tively) consisted of lymph nodules called oesophageal tonsils. Similar to the current study, Kadhim, Zuki, Noordin, and Babjee (2011) stated that the lamina propria in red jungle fowl has many mucous glands with lymphatic infiltration. Similar to our findings for RP, the tubular glands of the gizzard were observed external to the lobules of the proventricular glands at the proventricular-gizzard junction in duck (Madkour, 2015; Prasad & Kakade, 1992) , turkey (Malewitz & Calhoun, 1958) , quail (Ahmed, Kamel, & Ahmad, 2011) and duck and pigeon, as examined by Hassan and Moussa (2012) . The proventricular glands, with only few ventricular glands at this junction, could not be detected, similar to in our findings for LDs. Thus, it has been reported (Koch, 1973) 
